Background and Purpose-Racial disparities among US stroke patients have been well documented. However, the extent to which disparities in outcomes vary by age is unclear. This study's goals were to examine the degree of racial disparities in South Carolina between African Americans (AAs) and Caucasian Americans (CAs) in stroke admission rates, hospital charges, and outcomes and to determine whether racial differences varied by age. Methods-From the state hospital discharge database, admissions with a primary diagnosis of stroke discharged from 2002 to 2006 were identified. Age group-specific stroke admission rates, hospital charges, length of stay, intensive care unit utilization, medical complications, and discharge disposition (in-hospital death, discharged home, discharge to rehabilitation facility) were compared between AAs and CAs by multiple-linear or logistic-regression analysis. Results-There were 58 272 stroke admissions during the 5-year period. Stroke admission rates were persistently higher for AAs in all age groups except those Ն85 years old. Hospital charges totaled $1.51 billion; 24.0% ($362.5 million) of this total was attributable to racial disparities, 70.8% ($256.5 million) of which stemmed from the 36.6% of patients Ͻ65 years old. Most of the acute outcomes were poorer for AAs compared with CAs across age groups. Conclusions-Racial disparities in stroke admissions are more pronounced in younger age groups and result in significant economic consequences. Although AA stroke patients experienced generally worse acute outcomes than did CAs, these differences appear to be relatively consistent across age groups. 
S
outh Carolina has 1 of the highest age-adjusted stroke mortality rates in the nation and is classified by the National Heart, Lung, and Blood Institute as part of "the stroke belt" -a region consisting of 11 southern states. 1 Stroke incidence is also higher in the southeastern United States compared with other regions of the country. 2 Racial disparities have been well documented with respect to stroke incidence [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] and outcomes among stroke patients 13, 14 ; however, few studies have examined whether racial disparities in stroke outcomes vary by age. In a state like South Carolina, which has a relatively large proportion of African Americans (AAs) (29% in 2000 15 ), identifying the factors associated with racial disparities could have important economic policy implications.
Medical costs from stroke hospitalizations, lost productivity due to disability, and socioeconomic status shifts after a stroke cause a tremendous financial burden. In the United States alone, total costs (in 2005 dollars) of stroke from 2005 to 2050 are projected to be $1.52 trillion for non-Hispanic whites, $313 billion for Hispanics, and $379 billion for AAs, with the highest projected per capita costs among AAs. 16 The financial implications of stroke to healthcare systems are significant. In the United States, patients 65 years and older are uniformly covered by the federal Medicare program, whereas insurance coverage among patients younger than 65 is highly variable. Medicaid programs typically cover medical costs for patients with low income and/or disabilities. A better understanding of stroke among younger patients (Ͻ65 years old) could help lead to better tailored preventive programs intended to "shift" the stroke incidence toward later years in life. This study's goals were to determine whether racial disparities in stroke admission rates, utilization of hospital resources as reflected by hospital charges, and outcomes in the acute-care phase for hospitalized stroke patients varied by age group, after adjusting for important clinical and demographic characteristics.
Subjects and Methods
All hospitals in the state of South Carolina, with the exception of military and federal institutions, are mandated to provide data on every hospitalization, including demographic information, dates and types of hospital admission, discharge disposition, diagnostic and procedure codes, insurance status, and hospital charges for itemized procedures or services. 17, 18 Similarly, urinary tract infection (UTI; 590, 595, and 599), deep-vein thrombosis (DVT; 451, 453), and pneumonia (481, 482, and 486) were all identified as well through ICD-9 codes. Hospitalizations (nϭ2317) of patients residing outside South Carolina but hospitalized in South Carolina were excluded from analysis. Additionally, our primary interest was the difference between AAs and Caucasian Americans (CAs); other race/ethnic groups (non-AAs or non-CAs) comprise only about 4% of the South Carolina population. 15 Admissions of patients (nϭ863) who were neither AA nor CA were excluded from the analyses.
In this study, age was categorized into 7 groups as follows 0 to 34, 35 to 44, 45 to 54, 55 to 64, 65 to 74, 75 to 84, and Ն85 years old; however, much of the analysis was stratified across 2 age groups, Ͻ65 and Ն65 years old. Age-and race-specific hospitalization rates were calculated as admissions per 100 000 population based on year-specific US Census population estimates. 19 Racial disparity rate ratios were constructed by dividing the average AA rate of interest (eg, rate of SAH among AAs Ͻ35 years old) by the CA rate. Hospital charges attributable to racial disparities were defined as the AA age group-specific admission rate minus the CA rate, multiplied by the average subtype-specific charge for each stroke admission and the average number of individuals in each age group in the state. 20 The database included a number of variables that were incorporated into our models as covariates. To adjust for patient comorbidity level, we calculated a modified version 21 of the Charlson index 22 score, a comorbidity scoring system that includes weighting factors based on disease severity but excludes cerebrovascular disease and hemiplegia. The index was dichotomized (0 to 1ϭlow comorbidity, Ն2ϭhigh comorbidity) for analysis purposes. Hospital bed size was classified as Ͻ100, 101 to 299, and Ն300. Insurance status was classified as uninsured, private insurance, Medicaid, and Medicare.
The stroke outcome variables included length of stay, intensive care unit (ICU) stay (yes/no), medical complications (presence of any 1 of UTI, pneumonia, or DVT), and discharge disposition (in-hospital death, discharged home, discharged to rehabilitation/ nursing home/long-term-care hospital). Age-group-stratified multivariable regression analyses were conducted to determine whether there were any significant racial disparities in outcomes and to determine whether the racial disparities were more or less pronounced in 1 age group than another. To model length of stay, effectively a continuous variable, an ANCOVA model was constructed for statistical analyses. If the stroke outcome variable was a categorical variable (ie, ICU stay [yes/no], presence/absence of medical complications, discharge disposition), a multiple logisticregression analysis was used to test whether there were significant differences between AAs and CAs. Because outcomes are known to vary substantially by stroke subtype (ischemic, SAH, and ICH), all racial differences were assessed by using interaction terms between race and stroke subtype in the models. All models adjusted for the following covariates: age, sex, insurance type, comorbidity score, length of stay (except when length of stay was the outcome), medical complications, ICU stay (except when ICU stay was the outcome), hospital size, stroke subtype, and a race/stroke subtype interaction term (which was significant at [PϽ0.05] in almost all of the models).
All statistical analyses were performed with SAS V9.1 (SAS Institute Inc, Cary, NC). Because the sample size was so large, we have refrained from reporting the actual probability values and instead report whether or not statistical significance Ͻ0.05 was achieved. Similarly, least-square mean differences or adjusted odds ratios with 95% CIs are reported.
Results
From 2002 through 2006, there were a total of 58 272 hospital admissions for stroke in South Carolina among AAs and CAs, including 47 851 (82.1%) admissions for ischemic stroke, 2157 (3.7%) for SAH, and 8264 (14.2%)for ICH. Of these admissions, 21 336 (36.6%) were of patients Ͻ65 years old. Figure 1 displays the population hospital admission rates for stroke in South Carolina from 2002 through 2006 by age and race, and Figure 2 summarizes the ratios of the hospitalization rates for AAs compared with CAs during the study time frame. As expected, rates increase with age. Racial differences in these rates are most pronounced among people Ͻ65 years old, and it appears that these differences remained persistent from 2002 through 2006; the racial difference among patients Ն85 years old was actually reversed, with higher hospitalization rates among CAs than AAs. The age group exhibiting the greatest disparities varied slightly by stroke subtype (ischemic, 35 to 44 years old; ICH, 45 to 54 years old; and SAH, 0 to 34 years old), suggesting that the factors mediating the racial disparities may differ by stroke subtype. Overall, the greatest racial disparity in stroke hospitalizations was observed for ICH in the 45-to 54-year age group, for whom the hospitalization rate among AAs was 4.5 times that of CAs.
The hospital charges for these stroke admissions during the 5-year period totaled $1.51 billion (ischemic, $1127.4 million; SAH, $119.9 million; and ICH, $263.3 million) and are summarized in Table 1 The multivariable logistic-regression models also demonstrated a number of significant findings (Table 3 ). In both age groups and across all stroke subtypes, admissions of AAs were significantly longer, on average (1.3 to 2.6 days), than those of CAs. Although for some stroke subtypes AAs were less likely than CAs to have incurred an ICU stay, stroke outcomes were generally poorer for AAs than CAs. For example, AAs Ͻ65 years old with ischemic stroke were significantly more likely than CAs to have had an accompanying medical complication (10.3% vs 6.3%), more likely to have died while in the hospital (4.2% vs 2.2%), less likely to have been discharged home (49.7% vs 70.4%), and significantly more likely to have been discharged to a rehabilitation facility, skill nursing facility, or long-term-care hospital (19.6% vs 11.6%). Overall, racial disparities among patients Ն65 years old were generally similar to those Ͻ65 years old, with some exceptions. For example, among patients Ͻ65 years old with SAH, AAs were almost 2 times more likely than CAs to have a medical complication (17.6% vs 8.8%), whereas among patients Ն65 years old with SAH, there was no significant difference (18.0% vs 17.4%). Additionally, although there did not appear to be any racial disparity in in-hospital mortality among ICH patients Ͻ65 years old (AAs, 20.5% vs CAs, 18.7%), AAs Ն65 years old were significantly less likely than CAs to die in hospital (22.5% vs 27.6%).
Discussion
This study demonstrates several important findings pertinent to stroke. In South Carolina, the annual hospital admission rate for stroke in AAs was higher than the rate among CAs in all age groups Ͻ85 years old, whereas among patients Ն85 years old, the racial disparity was reversed, with CAs having higher admission rates than AAs. The higher age-adjusted admission rates among AAs compared with CAs had a significant financial impact on the state, resulting in $362 million in excess hospital charges during the 5-year time period, with a substantial majority (70.8%, or $256.5 million) arising from patients Ͻ65 years old. Among patients admitted to South Carolina hospitals for stroke, many significant demographic differences exist between AA and CA patients. Additionally, AA stroke patients tended to be admitted to smaller hospitals and were more likely to have ICHs. Outcomes among admitted AA stroke patients were often worse than outcomes among CA stroke patients, and the racial disparities tended to be similar across age groups. Our study's findings of stroke admission rates to South Carolina hospitals confirm what has been found in other studies; however, some of our results do appear to be unique to South Carolina. For example, reports from the Greater Cincinnati/Northern Kentucky (GCNK) study revealed racial disparities in stroke incidence between AAs and CAs in all age groups. 6 -8 In the GCNK study, the greatest disparity was observed in the 35-to 44-year age group, in which AAs had a 5-fold higher stroke risk. Although reasons for the racial disparities are varied, they are likely due, in part, to health disparities in stroke risk factors, including diabetes, hypertension, dyslipidemia, and smoking status. 10, [23] [24] [25] [26] [27] Although incidence rates and admission rates are not identical, they are likely to be strongly correlated due to the severe nature of the disease. Interestingly, the GCNK study found higher incidence rates among AAs compared with CAs among those Ն75 years old, whereas we found slightly elevated hospitalization rates among AAs 75 to 84 years old and slightly elevated rates among CAs 85 years and older. Not observing a consistent racial disparity in stroke admission rates among people Ն85 years old may be attributable to the fact that by age 85 in the United States, the AA and CA survival curves tend to converge; by age 85, the difference in CA and AA life expectancy is only 0.4 year (AA, 7.1 years; CA, 6.7 years), compared with a difference of 4 years at age 35 (AA, 40.8 years; CA, 44.8 years). 28 Additionally, because both race groups are automatically covered by the federal Medicare program by age 65, more equal access to preventive services may also contribute to a gap reduction in stroke incidence between the 2 groups. Our findings suggest that the observed disparity in stroke admissions among younger patients may be amenable to expanded medical insurance coverage.
The elevated stroke admission rates among AAs result in a significant financial and resource burden to the state's healthcare system. We found that hospital charges for stroke admissions from 2002 to 2006 were $1.51 billion. Of this amount, 24.0% ($362.5 million) was attributable to higher age-adjusted admission rates for AAs, with a substantial This study has several limitations. First, the ORS database does not include admissions of patients who received medical care in Veterans Administration or military hospitals. Also, there is a small percentage of patients who live close to bordering states, Georgia and North Carolina, who opt for medical treatment in those states. Therefore, our analysis represents a close, but not a complete, picture of stroke admissions in South Carolina. Additionally, because patients with "silent" strokes may not always be admitted to the hospital, we may have underestimated the total stroke burden in South Carolina. Because of the nature of the administrative databases available to the study investigators, it was not possible to differentiate a patient's first stroke admission from a recurrent one. Being able to determine the extent to which the observed racial disparities are attributable to recurrent strokes warrants further study. Although modeling length of stay with an ANCOVA model does not fully incorporate the competing risks of in-hospital mortality, we believe that examining a broad range of stroke outcomes mitigates this limitation. Finally, no information was available on the severity of stroke, socioeconomic status, or stroke risk factors from the available databases. Thus, although we have highlighted some significant disparities in stroke admission rates, hospital charges, and stroke outcomes, the study was not designed to be able to explain the reasons underlying these differences.
In summary, this study showed that the persistent racial disparities in stroke admission rates result in significant economic consequences to the state, particularly among younger patients. Any effective intervention to reduce racial disparity, even on a small scale, has the potential to have a tremendous financial impact. Whereas AA stroke patients experienced generally worse outcomes in the acute-care phase than did CAs, the racial disparities were relatively †For length of stay, the comparison statistic is the least-squares mean difference between AAs and CAs, calculated by using the ANCOVA models described in the text. For all other outcomes, the comparison statistic is the adjusted odds ratio from the multivariable logistic-regression models described in the text. ‡Medical complications were defined as the presence of any one of UTI, pneumonia, or DVT.
consistent across age groups. Stroke in younger patients represents an important and critical healthcare problem in higher-risk states such as South Carolina. How to reduce the racial disparities needs to be studied in greater detail.
